an aeroplane over enemy territory. Lady Jones died in 1955.
Assistant, with a scholarship from the Imperial College of Science and Tech nology. Imperial College had instituted some courses relevant to aeronautics, and created scholarships to encourage study and research in the subject. Experimental work by holders of these scholarships could be carried out either at the College or at the National Physical Laboratory. Jones plainly did well in his first attempts at aeronautical research, as is shown by the report to the College by Sir Richard Glazebrook, then Head of the National Physical Labora tory, who wrote:
'As far as Mr Melvill Jones's application for a diploma is concerned, there can be no hesitation. He is remarkably good and has done work of very real importance. His investigation as to the distribution of pressure around the wings of an aeroplane is really valuable and has helped designers to a marked degree.' Jones was awarded the Diploma of the Imperial College in 1912. It seems likely that he sought the aid of his old professor, Hopkinson, in finding his way to the National Physical Laboratory, because in some personal jottings he notes that Hopkinson had a great influence on his later life 'both by his excellent lectures and by helping me to get work on aeronautical research'.
It is not difficult to understand why a young man, already familiar with engi neering processes, should be attracted to aeronautics at a time when the first flight had occurred only a short time before, and rapid development of the aeroplane was taking place. It is evident that the work of Dr F. W. Lanchester, F.R.S., published in his volumes Aerodynamics (1907) and Aerodonetics (1908) had a considerable influence in directing Jones's interests. Jones was a member of a small undergraduate club, known as the 'Broad Teeth'. The club was particularly concerned with hill walking and climbing. Through the club Jones met Mr E. T. Busk, and they worked together to understand Lanchester's writings. While undergraduates, Jones and Busk hired a farmer's barn, and in it tested glider models which they had built in accord with Lanchester's design criteria. The behaviour of the models matched Lanchester's predictions so closely that both concluded that as soon as suitable power plants became available, aviation must spring into being as a major form of transport, and they decided to devote their lives to work on aeronautics. Busk was killed while carrying out experimental flying at Farnborough in 1914, after making important research contributions, particularly to the understanding of the stability of aeroplanes.
After his scholarship at the National Physical Laboratory came to an end, Jones joined Sir W. G. Armstrong Whitworth & Co., in 1913. The firm, which had previously been building aero-engines, was starting its first venture in flying machines by designing a rigid airship. It was on this work that Melvill Jones was employed. A number of airships to this design were built, the first flying in 1915. By then, however, Melvill Jones had left the firm, having been He was awarded the Medal of Freedom by the President of the United States of America in 1947 for his scientific services in World War II, and particularly for his contributions to aerial gunnery.
A list of his published writings is given in appendix 1, and some of his unpub lished scientific notes, which contain ideas and results of some significance, are listed in appendix 2. Appendix 3 is a list of his memberships of the Aeronautical Research Council and its Committees and in appendix 4 is a note on where some papers relevant to his life and work are to be found.
Biographical Memoirs

Personal characteristics and attitudes
Melvill Jones was a stocky man who was always known to his intimates as 'Bones'-this nickname dates back to his student days. The origin of the nick name, while it may have been a convenient abbreviation of B. M. Jones, is thought by some to have come from the fact that in his early days he had a habit of breaking bones-especially his wrists, one twice and the other once. This says something for the vigour with which he set about anything he was doing.
He was quiet and direct by nature, modest, but not falsely so. He had great tenacity and would work through and through a problem until satisfied that he understood it. His nature was essentially friendly and enthusiastic with a slightly shy exterior, but he was at ease in any environment, a quality which had a great deal to do with his success with students as a teacher, as well as with the respect in which he was plainly held in the high quarters of the land. He had an ability to 'get on' with officers of the Royal Air Force, who in general developed a remarkable degree of affection for him and this had much to do with the effec tiveness of his wartime studies and experiments. His close relationship with officers holding the highest commands ensured the rapid application of his ideas and those of his associates.
He and his family lived simply and their tastes were modest. They had a love of animals which was sometimes thought by their friends to tend to the excessive -there was a time when the house outside Cambridge was occupied by no less than seven Great Danes, each of enormous size, as well as a domesticated pig which had become a household pet. Jones and his family were country lovers and throughout his life he enjoyed swimming and would take any opportunity to indulge in it, occasionally to the worry and sometimes the embarrassment of his friends, since if good water was about, he was apt to strip off and plunge in at short notice, often disappearing to sea for a considerable distance. There was something about this man which was noticed by all who worked with or knew him and which was caught by W. S. Farren, writing in the Journal of the Cambridge University Engineering Society vol. 22,1 9 5 2 :
'It is difficult to avoid feeling that there is something in "Bones" which attracts interesting and remarkable experiences, which somehow miss ordinary mortals. If he has seemed to us sometimes to invite disaster, he has invariably survived, smiling, leaving us to bless the good fairy who has obviously watched over him.' He was essentially an experimenter by nature. His mathematical equipment was not strong, though sufficient for his purposes, and he had an instinct for making approximations which, while permitting easy mathematical resolution, were well related to the physical conditions of the problem. What distinguished him particularly was his ability to simplify a problem to its essentials and to approach the understanding of the essentials by routes which, when expounded, were both direct and apparently obvious, yet were rarely the routes many others would have taken. This quality showed not only in his analytical approaches to a research, but in the simple equipment he devised to measure what he felt he wanted to know.
He had a particular ability to visualize what was occurring in complex threedimensional kinematic situations, and it was this which enabled him to illumi nate a number of the problems on which he worked and to find in them routes by which they could be penetrated.
Apart from his wartime work on armaments, his interest was almost entirely in the field of aerodynamics, and he particularly focused on those aerodynamic issues which seemed to him relevant to the development of the aeroplane. Other than in one small and very early excursion into the strength problems of flying machines, he showed little interest in the structural side. Notwithstanding his attachment to the evolution of the aeroplane, he regarded early arguments about relevance to application, or methods of application, as inhibiting to the first need, which was to understand the phenomenon. He took the view that if some concept offered sufficient incentive by way of performance, then there would be an engineer who could in the end design and make it satisfactorily, no matter how formidable that problem looked at first sight. None the less, the discoveries he and his assistants made by these methods had a considerable effect on the design and engineering of aeroplanes. This is not to say that if Jones and his associates had not existed, others would not have reached the same situation, perhaps by different routes-they certainly would have done so. But whether the choice of the researches carried out was governed by a foresight based on a deep appreciation of the likely course of development of the aeroplane, or whether they were determined, as well they may to some extent have been, by what it was possible to do in the circumstances and with the resources available, they proved to be exceptionally relevant and timely.
He was a man who worked closely with only a few collaborators, though he kept in touch with people in other laboratories, and particularly those working on research in flight at Farnborough. He had no desire to be surrounded by large teams of scientists or by organizational trappings. The Aeronautics Department at Cambridge was always very small. Apart from Jones, there were usually only Farren, Haslam and Surrey, whose parts are mentioned later and, at the most, two or three research students or associates. It was rare for a research student who worked with him to become a Ph.D. in the process because he preferred students who, by foregoing any desire for a higher degree, were free of the regulations relating to it and could take part in the laboratory's major investigations as equals, rather than spend their time on contrived problems as students. He once said: 'No-one should be allowed to do research who can be prevented', a remark which illustrates his view that the essential qualification is an overwhelming desire to do it.
He had strong views on the need, in aeronautical research, for flying experience, and in particular for the scientist-pilot. He wrote (in 1926) :
'In aeronautics, more perhaps than in any other application of science, great difficulty is experienced in relating theory to practice. The practical value of scientific theories cannot easily be estimated without actual experience of flight, whilst, on the other hand, the scientific implications of what is observed cannot be grasped without a thorough scientific training. There is thus a great need for men who are both able to fly themselves and have had and absorbed a thorough scientific train ing.' When Major J. C. Griffiths, who was one of his first research associates at Cambridge, was killed in a flying accident in 1923, he wrote:
'His accident re-opens the old controversy concerning the extent to which scientists of exceptional promise should be allowed and encouraged to take part in dangerous occupations. The problem is really one of degree and all that can be said about the case in question is that there must at all times be some individuals filling the difficult role of intermediary between the theoretical and laboratory world and the world of practical aeronautics, and that role was one for which Griffiths was particularly fitted. This he realised and faced the risk joyfully as an integral part of his life.' Being a pilot himself, and with these strong affinities, he was particularly able to communicate with airmen and to involve them in the whole process of research. The Rev. J. A. G. Haslam caught this characteristic vividly when he wrote (in 1975):
'Between 1928 and 1951 I flew various aircraft for research under Sir Melvill Jones's direction, often with him as observer. The relationship between pilot and observer in a two-seater aeroplane gives a kind of temporary equality on which I rely to write about so great a man. 'I started, of course, on the basis of working for him, but soon found, as everyone did, that he expected me to work with him, and not merely to contribute an ancillary skill but to share in the project as a whole. That meant much explaining by him, but he gave time unsparingly to this, both because he so wanted one to understand and because he found that it tested and deepened his own understanding-an understanding which had its origin and expression in his vivid imagination of the mechanics of the problem. He showed the same generosity in listening to the ideas and experiences of others and in helping them to develop them.
'In everything he did and everywhere he went he had the simplicity and authority of a man wholly committed to work in which he delighted and wanted others to share.' Jones enjoyed flying, and because he understood the whole flight situation his pilots found him-to quote one of them-'a great man to have with you'. His views on the place of research in flight are best summarized in his own words. He wrote (1930) : *.. . it ought to be realized that free flying experiment provides the essen tial cutting edge of aeronautical research.'
Close collaborators
Over a long period (1919-37) Jones's close collaborator was W. S. Farren, F.R.S., whose work is discussed in the Royal Society biographical memoir on his life {Biogr. Mem. R. Soc. Lond. 17, 1971) . In view of the full account given in that memoir, it is sufficient to say here, that although the men were of very different temperament, they formed an excellent pair. Farren had greater leanings to engineering design than Jones, which was important to the construction of instruments used in the laboratory. Sir Geoffrey Taylor, F.R.S., who held a Royal Society research professorship at Cambridge, was a frequent visitor to the Aeronautics Laboratory and a major contributor to its work and its thinking, particularly during the 1930s. Taylor's work is described in a Royal Society biographical memoir {Biogr. Mem, R. Soc. Land. 22, 1976) , which contains references to his activities in the aeronautical area.
Mr A. V. Stephens (subsequently Professor Stephens, The Queen's University of Belfast) was a collaborator of note during part of the 1930s. He carried out work with Jones at Cambridge on the drag of aircraft and on the boundary layer, both as pilot and as scientist.
Another Cambridge collaborator was Mr N. Surrey, who looked after the tiny workshop in which the instruments for the laboratory's research were usually made. Mr Surrey had particular skills in interpreting ideas for instruments and in making them. Jones and Farren had many differences of approach, but none more so than in the devising of instruments and equipment. Farren would draw every detail minutely; Jones would say 'something like this . . .'-'this' often being a sketch on a scrap of paper. Mr Surrey found his way through both approaches-what emerged was often not quite what was started, but something a good deal better. 260 Biographical Memoirs
T he S chool of A eronautics at Cambridge
In 1919 Mr Emile Mond endowed the Francis Mond Professorship of Aeronautical Engineering at the University of Cambridge in memory of his son who was killed flying in World War I. It was the second chair relating to aeronautics to be set up in a British university, the Zaharoff Chair in the University of London having been founded a few months before. Melvill Jones was the first Professor and held the chair for 33 years. He evolved a university school of teaching and research which was in some ways unique, particularly because of the use of aeroplanes in flight as the major research tool. Although Jones was undoubtedly motivated in this direction by his basic interest in flight, he also probably recognized that to do really effective work in areas of aero dynamics which particularly interested him, he had little alternative. He appreciated the limitations as well as the value of work in wind tunnels, being from the early days conscious that what happens aerodynamically on a small scale can be seriously different from what happens on a large scale, and par ticularly so in the types of airflow he eventually wished to study. He recognized that there would never be money available to a university in England on the scale needed for major wind tunnel activity, and even had that not been so, he always felt that large scale activity was not suited to a university. But above all, research in flight was possible to him, in his environment, whereas many other approaches were not.
Mr Mond obtained from the Air Ministry a promise that if a Chair of Aero nautics were established at Cambridge, they would station an experimental flight at an aerodrome nearby to work with the University. He had also made it a condition of his endowment that the University should provide the necessary accommodation and equipment for class and laboratory work. The University authorities agreed to do so, but subsequently found themselves in such serious financial difficulties that they were unable to carry out the undertaking. Melvill Jones was therefore the first Francis Mond Professor, but without laboratory accommodation and even without an office. But the Air Ministry made good their undertaking, and aeroplanes and pilots were available at R.A.F. Station, Duxford. When subsequently the Cambridge University Air Squadron was formed, the Station Flight at Duxford, which provided aeroplanes, instructors and mainten ance facilities for the Squadron, also provided services for the aeroplanes allocated to Jones's work. The Squadron was provided with a small wooden hangar as instructional accommodation in Cambridge, placed in the grounds of the Engineering Department, and a space was allocated in this to Melvill Jones's Aeronautical Department for a laboratory. Here Royal Air Force instructors, who were teaching undergraduates the rudiments of flight and aircraft rigging (with the help of an Avro 504 biplane placed in the middle of the space), would compete for attention with the noise of experimental apparatus running at the other end. Conversations between men as scientifically distinguished as G. I. Taylor, Melvill Jones, Rutherford and W. S. Farren, would be overlaid by the loud voice of an instructor-'If a strut breaks while you are flying, what you do is. . . . ' The school had no financial resources of its own at the beginning but was helped from time to time by small grants from the University and from the Aeronautical Research Committee. In 1935 Sir John Siddeley offered a gift of j£10 000 to the University for the benefit of the Aeronautics Department and this event caused a serious controversy. Those who opposed the acceptance of the gift, at least without conditions attached to its use, did so on the grounds that research carried out in the University, and made possible by the gift, would assist the development of military aeroplanes, to the pecuniary benefit of armament manufacturers, and would make Cambridge a military target in any future war. The nature of the controversy is not unusual; what may result from research, for good or evil, is often questioned. In this case, however, the relation ships developed by Jones with the Air Ministry and the Royal Air Force, which enabled him to carry out experiments in flight, no doubt coloured the back ground. In the work he did, the aeroplane was used as a piece of apparatus which allowed scientific experiments to be conducted in the air, but suspicion that other motives were at work was perhaps inevitable in the political atmosphere of the time. Jones made a spirited reply to his accusers, including the following, as it turned out, prophetic words:
'Those of us who work on the science of aeronautics at Cambridge believe that the ultimate influence of the aeroplane upon civilization will be pacific rather than war-like; we strongly resent the suggestion that our main interest is in the development of armaments. It may be that circumstances will again arise in which the resources of the country will have to be turned toward armaments, and the University and all its members will then have to decide what action to take, but at present it is neither our intention nor our desire to use the Department of Aeronautics for research specifically devoted to this end.'
The gift was eventually accepted unconditionally by the University and the School had, for the first time, a little financial strength. The first thing Jones did with some of the money was to get a scientist-pilot (Haslam) on to the staff of the laboratory.
Apart from the period during World War II Jones conducted undergraduate teaching in aeronautics throughout his tenure of the chair, first within the Department of Mathematics, but later as an optional subject within the syllabus of the Engineering Department of the University, leading to a paper on aero nautics in the Mechanical Sciences Tripos.
Jones was an excellent teacher and lived the subject with his pupils, so that most of them found his freshness and enthusiasm irresistable. Not all who listened to him did so because they wished to join the profession of aeronautics, but to those who did he would occasionally say: 'If you join the profession of aeronautics, be sure you have a sense of humour. You will find everyone in this profession has a very well developed sense of humour-because all the others are dead.' Those who decided to work in this area soon found the truth of this-the closely knit and quite small body of people doing it world-wide, the impact of the occasional disaster which always took friends as well as progress, the impact of political intrusion and ignorance as well as of the occasional inspired states manship, the excitement of discovery and attainment, and the feelings of freedom which flight in the early days offered-Jones conveyed these things to those who were taught by him, in an environment of fundamental and formal understanding of relevant science and its methods, and with a 'no nonsense-it must be sound' approach. Over the years, a remarkably large proportion of those taught by him attained positions of high responsibility in the academic, industrial or govern mental worlds.
T he use of aircraft for surveying and map making
In the early 1920s Jones, with the collaboration of Major J. C. Griffiths, made an investigation in flight into how best the aeroplane was to be used for aerial surveying. The essence of the problem is how to interpret and inter-relate photographs from an aeroplane whose course, attitude (in pitch, roll and yaw) and height will be to some extent varying as the photographs are taken. The results of the work were published in a book Aerial surveying by rapid methods. The work laid the essential foundations on which the arts of aerial survey and aerial map reading have since been developed to high precision.
T he drag of aeroplanes
6.1
A brief review of aerodynamics relevant to Jones's work If the air had no viscosity, the only resistance to the motion of an aeroplane (drag) would arise from the development on its wings of the aerodynamic lift which is necessary to support its weight. Lift is developed because downward momentum is caused in the airstream by the wings, and the kinetic energy associated with the momentum is supplied by way of a resistance to the motion known as induced drag. However, the air has viscosity and this causes additional drag, which is divided into that part which is due to imbalance of pressure forces around the aeroplane, known as the form drag, and that part due to tangential forces on the surface, known as the skin friction drag. The two have a common origin in the viscosity of the air. Form drag is at its worst if there are major breakdowns in the smooth flow, leaving large areas of eddying flow such as occur behind bluff bodies. The induced drag of an aeroplane was usually far from being the dominant element in resistance, and therefore the reduction of the form and skin friction drags offered major improvements in the power required to drive the machine.
In the mathematical theory of the flow of a fluid without viscosity-known as a potential flow-the path a particle of the fluid takes is known as a streamline. This term was adopted into engineering terminology; a body which did not greatly disturb the airflow, and therefore had a low form drag, became known as a streamline body.
The concept of the boundary layer, due to Prandtl, greatly aided analysis of the flow of fluids of small viscosity, such as air. Prandtl pointed out that, if viscosity is small, the flow round streamline bodies could with good approximation be divided into the boundary layer, being a thin layer close to the surface of the body where viscous action is important, and the flow outside the layer, which for most practical purposes could be regarded as inviscid.
It had long been recognized that the boundary layer could exist in two forms, the laminar and the turbulent. In the laminar layer, the flow was steady (subse quent discovery showed this to be not wholly true) and the skin friction was low. In the turbulent layer, the flow was full of eddies and skin friction was relatively high. Usually the boundary layer near the nose of a body was found to be laminar, but would become turbulent further back. The place of change from laminar to turbulent became known as the transition point. The total skin friction of the body is thus dependent on where the transition takes place, and means for delaying transition offered good rewards in the reduction of skin friction drag.
From the earliest days of aeronautics, experiments had been made on models in wind tunnels in which pressure distributions, and lift and drag forces had been measured. As a result of this experimental work over many years, shapes were devised for which were claimed particular properties of virtue-such as high lift, or low drag, or desirable combinations of both.
There was, however, a trap into which such work could fall-the scale effect. How did the observations on a model relate to what would occur on the full scale aeroplane ? The concept of dynamical similarity gave an answer-if what was known as the Reynolds number was the same for the model as the full scale, then other non-dimensional numbers relating, for example, to lift or drag (e.g. DjpU2Aj when A is the area) would also be the same. The Reynolds number is typically defined for this purpose as p being the density of the fluid, U the stream velocity, L a length characteristic of the body and p, the coefficient of viscosity of the fluid. If the Reynolds number for the model test and full scale were different, there would be a scale effect of, at least in the early days, an unknown magnitude. It was always clear that relatively simple atmospheric wind tunnels could not satisfy the similarity criterion-by definition L for the model was much smaller than L for the full scale, p and fi were much the same, and U would therefore have to be larger than the flight speed, a need which would result in very high power being required in the experimental apparatus.
However, the larger the wind tunnel, the larger the model, and the nearer the Reynolds number of the model to the full scale. Therefore wind tunnels often of great size and complexity were built, some using compressed air in order to increase the density and so get nearer to the full scale Reynolds number. At the same time aeroplanes got larger. There was always a case for building an even larger or more complex wind tunnel.
There was a further reason for differences between measurements in wind tunnels and in flight which lay unappreciated over a considerable part of the period. This was the turbulence in the stream of the wind tunnel. G. I. Taylor made a remark in the early 1920s to the effect that small scale turbulence would only rarely exist in the atmosphere, a view derived from the early thoughts which eventually led him to his Statistical theory of turbulence published in 1935 and which considerably illuminated the nature of turbulence in fluid flow. In the air flow of wind tunnels constructed up to the late 1930s, there was likely to be an abundance of small scale eddies, but the significance of Taylor's early remark was not particularly appreciated-that here was another major difference between the full scale aeroplane flying in the atmosphere and the model in the stream of the wind tunnel. Taylor's work showed the way to the design of wind tunnels with very low turbulence, and Jones and Farren built a small one in the Aero nautics Laboratory at Cambridge in 1935 which for some time held the 'world record' for low turbulence and became the prototype for subsequent much larger installations elsewhere.
Turbulence in the stream influenced the boundary layer, particularly by affecting where transition from laminar to the turbulent state occurred. It was for this reason that wind tunnels produced misleading observations, particularly on drag, even if the Reynolds number was close to correct.
With these hazards facing the interpretation of wind tunnel results, there was much to be said for carrying out experiments in flight to avoid the effects both of Reynolds number and turbulence, and to provide a basis of comparison with wind tunnel observations to help build up an experienced feeling for the likely extent of scale effect. It should not be inferred that wind tunnel work was valueless. On the contrary, work carried out in them was of assistance both in aiding the understanding of flow phenomena and in the design of aircraft-but they needed careful and skilled interpretation and in some cases, even with that, their indications were unreliable.
The concept of the streamline aeroplane
In a most important paper in 1929 ('The streamline aeroplane*) Jones pointed out that there was no basic reason why form drag should be large on an aeroplane, and that the ideal aeroplane would have a resistance to motion represented by the skin friction drag on its surface, plus the induced drag. Aeroplanes of the day had drag several times this figure. The designer was thus for the first time presented with an ideal at which to aim, and the effect on the design of aeroplanes was dramatic; obstructions to the flow were removed or replaced by better shapes, the cantilever monoplane began to replace the biplane-the under carriage was retracted into the body during flight-wing and body shapes were modified to improve their form drag.
It is the case that many of these improvements became possible in engineering terms because of the development of better materials and methods of con struction, and because the stresses in the aeroplane were better understood as a result of experimental and theoretical work in the structural area. However, the 1929 paper provided the incentive; it had a major effect on the thinking of designers throughout the world.
The next question was 'How can the skin friction drag itself be reduced ?' Drag could be measured in the wind tunnel on a balance, but how to measure it in flight so that the scale effect of wind tunnel work was avoided ?
In an unpublished note in 1929 (A.C.T. T.2875) in which he asked that some observations be made on the R.101 airship in flight, Jones showed that the drag of a body might be measured by making observations of pressure behind it. The pressure measured by an open-ended tube facing the stream (a pitot tube) is p + ^pU2, where/) is the local pressure in the fluid (the static pressure), p is the density and U the local velocity, and this pressure is known as the pitot pressure. From considerations of momentum and energy Jones derived the approximate expression:
where />0 is the difference between the pitot pressure and the static pressure in the undisturbed stream, p x is the difference between the pitot pressure and the static pressure at points immediately behind the body, and p 2 is the difference between the pitot pressure at the point of measurement immediately behind the body and the static pressure in the undisturbed stream.
The integral is taken over the entire plane immediately behind the body, but in practice, if the body is streamline, it is sufficient to take it over an area not greatly different from the cross-section of the body since outside this area />2 becomes closely equal to p0
This note laid the foundation for the determination of the drag of bodies, and in particular of wings, by measurements with simple apparatus readily usable in 6.3 The pitot traverse method for measuring drag flight. The drag of a section of a wing could be measured by observing the pitot and static pressure in the wake behind the section of interest, and the drag per unit of span could thus be determined.
Before the concept, there had been suggestions that, in order to measure the drag of the wings of an aeroplane, experimental machines should be built in which balances were interposed between the wings and the fuselage, a highly complicated arrangement which in any case would have allowed only the determination of the drag of the wings as a whole, whereas the pitot traverse method allowed the determination to be made section by section, so that sparwise variations could be determined.
A rather more elaborate, though similar, expression to that developed by Jones had been derived by Betz in Germany in 1925, and Schrenk had made some measurements to verify Betz's work in 1928. The work was unknown to Jones at the time of his paper, but in later publications he readily acknowledged the priority of Betz's work.
The apparatus used for the flight experiments by Jones and his colleagues is shown in figure 1 . A pitot tube of small diameter was moved by an electric motor through the wake behind the relevant section of the wing and the pressure measured with a simple liquid manometer. In later versions, developed at Farnborough, the moving pitot tube was replaced by a comb of tubes, so that the traversing mechanism was not needed, it having been found that the presence of several tubes in the comb did not disturb the measurements significantly. Jones conducted ancillary experiments in a small wind tunnel to establish the degree of interference likely to come from the apparatus and also to establish the reading given by a pitot tube when in a velocity gradient, so that there was a significant variation of velocity across its mouth. These experiments showed that in a linear gradient, the tube registered a pressure close to that associated with the velocity at a point two-thirds across its diameter in the direction of the rising velocity. These ancillary experiments gave the basis for the correction of the readings for the finite size of the tube mouth, although in most practical cases it was possible to use a tube of sufficiently small diameter that significant error did not occur.
Special surfaces were fitted to the wing of the aircraft so that investigations could be made of the effects on drag of surface roughness and obstructions.
The pitot traverse technique was taken up by many other laboratories and contributed greatly to the understanding of the drag of aeroplanes, and therefore to the substantial improvement in performance which followed the gaining of this knowledge.
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The boundary layer
It was a natural follow-on to the measurement of drag to determine the state of the boundary layer on the portion of the wing being investigated. To do this Jones and his colleagues made use of the difference in the velocity distribution perpendicular to the surface which occurs in the two types of layer, laminar and
Jones Plate 1
Melvill Jones 'at the controls'. turbulent. If a pitot tube is placed very close to the surface it will record a higher pressure just after the transition point as compared with just before. An alterna tive method relied on the fact that at the point of transition the boundary layer thickens considerably and therefore a pitot tube spaced from the surface by the approximate thickness of the laminar layer near transition would show a fall of pressure at the transition point if it were pulled backwards in the direction of the flow. Jones, Farren and Stephens devised equipment to be fitted to the wing of an aeroplane which allowed a very small pitot tube, spaced from the surface by a blob of solder, to be drawn rearward along the surface. This equipment is shown in figure 2. It was now possible to correlate measurements of the drag of a section of the wing with the position of the boundary layer transition, and to start work to find out if transition could be delayed, so the skin friction drag would be further reduced. The work in flight was carried out largely by Stephens and Haslam. The results of this work were reported in a lecture-'Experiments on the boundary layer in flight'-delivered to the American Institute of Aeronautics and Astronautics, which was a rather special occasion because it was the first lecture in an annual series set up by the Institute to commemorate the Wright brothers. The lecture was published in their (1937) . The Royal Aeronautical Society in England had started a lecture series in 1913 to commemorate Wilbur Wright-the first man to fly. The Wright brothers were Americans. Because of a controversy in American aeronautical circles as to whether Wright really was the first man to fly, the American Institute had no commemorative event until 1937 and it was the first of these that Jones was invited to address. Another result of the American controversy was that the Wright biplane, in which the first flight was made, was kept in the Science Museum in London until 1948 when, the controversy in the U.S.A. having been settled in favour of the Wrights, the first aeroplane was given back by the British to the Americans, who put it in its place in the National Air and Space Museum (Smithsonian Institution) in Washington.
The experiments described in the first Wright Brothers Lecture shed a good deal of light on the behaviour of the boundary layer and on some of the factors which govern its transition, and therefore the skin friction drag. It directed the attention of the designers to the desirable characteristics in a wing to obtain improvement. Its impact is well summarized by the comments of Dr Hugh Dryden, then at the U.S. National Bureau of Standards and subsequently Head of the National Aeronautics and Space Administration, who remarked after the lecture:
'The Institute is greatly indebted to Professor Jones for his very clear presentation of the practical importance to the airplane designers of an understanding of the nature of the flow in the boundary layer and in presentation of the factors controlling the transition from laminar to turbulent flow. He and his colleagues honor us by making available infor mation of fundamental importance not hitherto published.' It had been noticed in observations on the laminar boundary layer in the wind tunnel at Cambridge that there appeared to be low frequency oscillations of velocity in the laminar flow. These observations were made by means of a hot-wire anemometer. Similar observations were reported from the U.S.A. Jones concerned himself as to whether these oscillations were fundamental to the flow, or were a consequence of turbulence in the stream of the wind tunnel. Jones and Farren, guided by Taylor's work on turbulence, had constructed the low turbulence wind tunnel at Cambridge referred to earlier. The oscillations still appeared in experiments carried out in it. One way to settle the matter was to make similar observations in flight, and a hot-wire anemometer head was fitted into the apparatus devised by Farren for carrying the exploratory pitot tube previously used, and the electronic equipment needed for measurement was installed in the rear cockpit of a Hart aircraft, leaving just enough space for the observer. The oscillations appeared in the laminar layer in flight and were of similar character to those observed in the wind tunnel. So they were a natural feature of the laminar boundary layer.
Simultaneous work in the U.S.A. had demonstrated a mathematical basis for the existence of these oscillations and shown that there were conditions under which they would amplify, so here was a basis for a view about the nature of transition, namely that it arose from the amplification and eventual instability of these oscillations.
At this point research stopped at Cambridge because Jones decided to devote himself to military work in preparation for the war which came in 1939. So the story was not taken up again at Cambridge until 1945 when Jones returned. He restarted his work on the boundary layer with the help of Squadron Leader R. Head, D.S.O., D.F.C., of the Royal New Zealand Air Force. Jones and others had concluded that one way to control the amplification of the velocity oscillations in the laminar layer might be to suck a portion of the layer, as it grew, through the surface-so that, in simple terms, it was continuously restarted. To investigate this idea in flight, an aerofoil with a porous surface through which the layer could be drawn was fitted beneath an Anson aircraft. This research was reported in a paper to the Anglo-American Aeronautical Conference held in Brighton, England, in 1951. This paper provided a wealth of data relating to the possibility of using suction in flight to achieve a major reduction of drag, although it concluded:
'If, however, distributed suction is to be used to reduce the drag on an aircraft in a long flight, it will be necessary to rely on maintaining the low drag in all the circumstances likely to be encountered. The experiments indicate that for this, the surface will have to be constructed and main tained to standards of smoothness and porosity which will be difficult to achieve in practice.' Jones retired from his chair at Cambridge shortly after the publication of this paper. Today (1977), though no application has yet emerged, a programme of work is proceeding in the U.S.A. on the use of suction, based on the work of Jones and Head, and the principle may yet find application.
T he stability and control of aeroplanes
Jones had a major interest in the stability and control of aeroplanes and wrote a definitive treatise on the subject in a book forming part of one of the six volumes of the comprehensive work Aerodynamic , edited by Durand and published by Julius Springer of Berlin in 1934 to 1936 His researches at Cambridge were particularly directed to what is known as the 'stall*. If an aeroplane is flying at a constant speed and if the angle of incidence of its wings to the airstream is increased, the lift it develops rises almost linearly with the angle, until a point is reached at which the flow separates from the surface, the lift collapses and the resistance to motion greatly increases. The lift generated by the wing, at a given incidence, is roughly proportional to the square of the flying speed and, therefore, the incidence of the wing must rise as the speed is lowered (because the component of the lift in the vertical direction must be maintained equal to the weight, if flight is to be maintained), and if the lowering of speed is continued sufficiently, the wing will reach the stalling incidence.
The consequence of stalling could be a total loss of control, with catastrophic results. One part of the wing may stall before another so that pitching, rolling and yawing can rapidly be developed. In early aeroplanes the stall usually resulted in a sharp downward pitch of the nose, accompanied by the rapid build-up of yawing and rolling motions. The aircraft would cease to fly and fall to the ground. Quite the majority of early aircraft accidents arose in this way, particularly as a result of pilots letting the speed become too low when approach ing to land or after engine failure on take-off.
Jones was convinced that the consequences of the stall must be made less vicious if aircraft were to become safe. In a lecture on the subject in 1933 he said:
'. .. until the stall is thoroughly understood and its attendant dangers pushed out of the way, aviation will not be free to play the great role which it is undoubtedly destined to play in the civilization of the world.' Jones and his collaborators at Cambridge, working closely with scientists at Farnborough, made experiments in flight in which the nature of the airflow in the stall was investigated, using wool tufts placed on the surface of the wing and supported on posts protruding from the surface. Figure 3 shows the arrangement on the aeroplane. The wool tuft technique had first been suggested by Haslam who piloted the aircraft used in the work, and who had developed great skill in maintaining sufficient control to fly when in a stall and in recovering from it. Jones flew with him as an observer. The work continued over several years, leading to an understanding of the nature of the stalled flow and its consequences on the mechanics of flight close to, and in, the stalled condition. The work was reported in a series of papers between 1925 and 1934 . The safety of the modern aeroplane reflects much that was discovered in these experiments.
In the early stages of this work, Farren designed an apparatus in which a body could be moved through water, the direction and speed of movement induced in the water being found by placing in it small globules of oil, so that, when illuminated from behind, photographs with a small time exposure showed streaks which indicated the local velocity of the water by their length and direction. One of the reasons for making the apparatus was that water has a considerably higher ratio of density to viscosity (p/ than air, so that for a given size of body and speed of the stream, a higher Reynolds number was attainable than in a stream of air at atmospheric pressure. Observations on the flow around stalled wing models were made. The equipment allowed observations of the flow in conditions that were rapidly changing-for example, how the flow built up as the wing started from rest, or how the flow responded as the incidence of the wing was rapidly changed. This proved relevant to the understanding of the stalling problem and to the interpretation of observations made in flight, since it was found that the nature of the stall, and the recovery of the flow from a stalled condition, could be much influenced by the rate of increase or decrease of the incidence of the wing. Some theoretical predictions about how lift would build up on a wing as its incidence was changed had been made by Wagner and this apparatus allowed an important experiment to be made to compare observations with this theory. The work showed that the Wagner analyses gave a good foundation for the consideration of these dynamic effects.
In the mid-193 Os Jones turned his attention to the handling qualities of aircraft. There had always been aeroplanes which were 'pigs to fly' and others which were 'pilots' aeroplanes', a description implying not only that the machine was easy to fly and was not over-demanding on the strength of the pilot to operate the controls, but also had those qualities of 'forgiveness' which rendered it less dangerous in its reaction should the pilot make a mistake in handling it. Jones made preparations to initiate research in flight on these matters at Cambridge, devising apparatus which could be fitted to the aeroplane to measure the forces and the displacement of the controls necessary to fly it in various circumstances. This work was interrupted in 1939, but he had been collaborating with the Royal Aircraft Establishment on it, and a considerable body of work was done there which had a radical effect in improving the handling qualities of aircraft.
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Jones, W hittle and jet propulsion
In 1920 Jones wrote:
'With regard to the possibility of replacing conventional airscrews by some system of jet propulsion, I do not think that there is any chance of develop ment in this direction because, to obtain reasonable efficiency, the diameter of the jet would have to be of the same order as that of contemporary screws.'
What is of interest about this quotation is not so much that he was wrong, but that at so early a date the concept of jet propulsion had crossed his mind. Sir Frank Whittle, the inventor of the jet propulsion engine, had seen what Jones had missed-namely that a jet propulsion unit could be devised which would allow the development of sufficiently high speeds in the aircraft to make Jones's declaration, that the diameter of the jet would have to be much the same as that of a contemporary screw, incorrect. Nevertheless, the development of jets of larger diameter was the object of Whittle's concept of the 'fan-jet' engine as a logical development of his first 'straight-jet' because it offered higher propulsive efficiency and lower noise.
Whittle had first outlined his ideas for a turbine type of engine which would create a jet in 1929, when he was a pupil on an instructor's course at the R.A.F. Central Flying School. He had previously described a turbine engine for driving a propeller in 1926 when at the R.A.F. College at Cranwell. After a period as a research test pilot at Farnborough, he was sent by a far-sighted Royal Air Force to Cambridge when he was a Flight Lieutenant in 1934, and he read for the Mechanical Sciences Tripos in which he gained first class honours in 1936. Helped by what he learned, his evolution of a practical design for a jet engine proceeded rapidly and by 1936 he had developed a set of drawings describing a 'straight-jet' engine-namely one in which the whole of the air taken in at the front was heated in the combustion chambers and expanded through the turbine which drove the intake compressor. It was this type of engine which first saw service in military aircraft and in the first generation of civil jet-propelled machines. In patent applications and writings about 1936, Whittle expanded his ideas further, describing the fan-jet engine in which part of the intake air, after compression, does not pass through the combustion process but is mixed with the gas emerging from the turbine, so providing a jet of larger diameter and lower velocity. This type of engine is now used on most civil aircraft.
Sir Frank Whittle, F.R.S., wrote (1976):
'It happens that a recent visit to Cambridge served to remind me of the subject you write about. The story seems to have got around that I met with a good deal of obstruction and discouragement there, so I did my best to squash this by describing the encouragement I received, especially from Bones and my tutor at Peterhouse (Roy Lubbock). Bones was a "believer" from the time I first described my scheme to him. He warned me against being over-optimistic (in 1935 I think) saying in effect "I think you are on the right track, young man, but don't expect the sky to be black with jet aircraft for at least ten years" (which showed that even he was overoptimistic). I have no evidence, but I suspect that Jones backed up Lubbock in getting the Air Ministry to agree to my postgraduate year ostensibly to assist Bones in aerodynamic research, but in reality to give me a chance to continue with the engine. I did in fact do a lot of wind tunnel work for Bones and so saw a good deal of him outside the Lecture Theatre. He also allowed me to do various experiments of my own in the wind tunnel. 'He influenced me long before I met him, especially by his paper on "The streamline aeroplane" published in the late twenties. I was completely convinced he was right and used his conclusions in my estimates of jet aircraft performance.
'I had great trust in his ability and judgement, so his encouragement was of great value to me.' After World War II, the jet engine was being seen by many designers as the future power plant for military aircraft. There was, however, controversy on whether the new type of engine would find application in civil aircraft, with a considerable weight of opinion in the direction that the jet engine would not replace the piston engine as a power plant for civil aircraft, or that if anything was to happen, it would be the use of a Whittle type gas turbine to drive a conventional airscrew rather than to provide a jet. At the height of this con troversy Jones wrote (1947):
'Failing the discovery of some totally new form of power plant, the jet engine, modified possibly by the inclusion of extra entrained air to reduce fuel consumption, will be universally used for all but the longest ranges. Except in short flights, it will operate at heights round about 40 000 ft at the highest speed-probably about 500 mph-which allows a reasonable margin of safety below the compressibility critical. I believe that speed of this order will come to be regarded as the normal speed of air transport, and aircraft which operate at lower speeds will be unable to compete.
'Ultimately airscrews will be used only at very long ranges and the aircraft which use them will operate between 350 and 400 mph at heights between 35 000 and 40 000 ft.* The prediction proved to be wrong in only one respect-the jet engine, in the fan-jet version, is now used even at the longest ranges, although it is interesting to see that today, impelled by the need for economy in the fuel consumption of aeroplanes, researches on the use of turbine-driven propellers on long range aircraft have been restarted. 272 Biographical Memoirs
A erial gunnery
In aiming a gun to hit a target, allowance must be made for the movement of the target during the time of flight of the bullet, as well as for the effects of gravity and of the aerodynamics of the bullet which cause it to appear to trail in the direction of the airstream round the aircraft carrying the gun. The aim of the gun must be displaced from the target by an angle, known as the 'lead angle', which is the vectored sum of the allowances for each of these components. The problem is particularly complex in aerial gunnery, since both the gun and the target are moving relative to the air, as well as, usually, relative to each other.
The concern of those working in the field has been to provide the gunner with means either to estimate the lead angle with the aid of trained and practiced skills, or to help him by allowing the flight of the bullet to be observed by the use of tracer ammunition which carries a chemically fed light, or by providing him with sighting equipment which calculates the lead angle and presents its findings in such a way that when the sight line is held on the target, the guns are correctly positioned. The problem is much the same whether the guns are in a trainable turret or are fixed in a forward firing direction, as in a fighter, in which case the relative angular velocity of target and pursuer is the rate of turn necessary in the pursuer to hold the target in the sight line.
There are further complications. The stream of bullets from a machine gun have a random scatter due to variances in the ammunition and to vibration of the gun. In a multi-gun situation, this scatter can be increased by displacing the direction of one gun relative to another. There are therefore combinations which, having in mind the likely degree of inaccuracy in initial aiming, will maximize the chance of some bullets hitting the target. Additionally, if the guns are not close to the sighting position-as in the case of a fighter, where the guns may be in the wings, or a bomber in which the turrets are remotely controlledthere are structural deformations in the aircraft to be taken into account, which themselves depend on the stresses on the structure in the particular manoeuvre being executed in the combat.
Jones worked on all these problems, in World Wars I and II. Between the wars little progress had been made, although the increase in the speeds and altitudes at which aircraft flew had complicated the situation considerably. When Jones went first to Boscombe Down and in 1940 to the Gunnery Research Unit then formed at Exeter, there was much to do and little time in which to do it. His ability to go straight to the heart of the problem proved to be of great value. In the first war, by understanding the mechanics of aerial gunnery, Jones had been able to advise gunners about what was occurring and how to make the right sort of allowances-they were often totally puzzled by what seemed to happen in combat, a consequence of the complex three-dimensional mechanics and relative motions.
His first work in World War II was to do the same and assist in devising training to develop skill. He then sought to make the use of tracer ammunition more effective. While it might at first be supposed that if tracer showed the path of the bullet stream there would be no problem, this is not so. Three-dimensional vision does not extend far, so the gunner sees a streak of light with no means of knowing where, along its length, the vicinity of his target lies. Jones achieved some success in confining the problem by having tracer ammunition made which did not ignite immediately on firing, but only after some time delay, and which extinguished at a known outer range, so that the gunner at least knew that the streak of light bracketed the range at which he was likely to engage a target. However, it proved impossible to make such ammunition in quantity with a sufficient reliability in its performance, and he therefore devised aiming methods and means of training gunners in their use, using a tracer which extinguished consistently at a relatively short range. Tracer had another defect when used at night; there were difficulties enough in seeing the target at all, without the effect tracer had in blunting night vision. He sought to devise tracer of low intensity to assist this problem.
He also did a great deal of work seeking to devise the best relative aiming settings of the guns in multi-gun installations so as to maximize the chance of success.
Although these activities helped to achieve improvements in operational results, a more radical solution was needed. In 1938 Mr Maurice Hancock (now at Imperial College), who was then working as a scientist with the Royal Air Force Air Fighting Development Unit, conceived a gyroscopic instrument which could contribute to a more effective solution. The essence was that a gyroscope would measure the spatial rate of turn of the gun, and being supplied with the likely time of flight of the bullet by some means, would compute the lead angle due to relative velocity in the approximation: lead angle = angular velocity x time of flight. To this would be added electrically approximations for the gravity and trail angles, derived again from an approximate time of flight otherwise provided, and by electrical measurement of the position of the gun relative to the airstream passing the gun-carrying aircraft. The approximation of time of flight would be provided in the first place by 'guessing' the range. Later an expandable graticule was incorporated, so that if the gunner bracketed the enemy aircraft by the circle of the graticule, and if he had previously inserted the type of aircraft he was engaging, the approximate range was provided electrically to the mechanism. Later still, radar could supply the range directly and accurately.
A similar idea was simultaneously, and independently, conceived by Dr L. B. Cunningham, who was a civilian instructor with the Royal Air Force, but his work did not receive much attention at the time. However, Dr Cunningham had carried out a very able mathematical analysis of the likely behaviour of suitable mechanisms, and this proved to be of great value in later work.
Mr Hancock met Melvill Jones in 1938 and explained his ideas. Jones, seeing their implication, immediately brought them to the attention of very senior R.A.F. officers who gave orders for development to be put in hand with all speed. An intensive development was initiated at R.A.E., Farnborough. Mr Hancock joined the team there, and Mr B. Sykes was able to express the basic ideas in a mechanism of brilliant compactness and elegance. Flight Lieutenant H. Ford made valuable contributions. The resulting instrument became known as the Gyroscopic Gunsight (G.G.S.). Melvill Jones and his collaborators at G.R.U. carried out the flight tests on the prototype instruments. A rather radical though far from obvious mistake-at least when not seen with hindsight-had been made in the first models. The mechanism was such that, at the instant when rotation of the gun to follow the target was started, the sight line remained stationary in space, so that the gunner was induced to apply a higher rate of rotation, leading to instability. Jones discovered this in flight tests and diagnosed the cause. Mr Sykes was able to devise an optical system which eliminated the problem successfully by causing the sight line always to move immediately in the direction in which the gun was initially moved, with an angular velocity in space proportional to, but less than, the initial angular velocity of the gun.
The developed sight was put into operational service in fighters on the day of the invasion of Europe in 1944, with considerable impact, the success rate in combat being more than double that previously achieved. The sight was adopted by the American Forces. It eventually formed the basis of aerial gunnery equip ment used all over the world for many years.
The citation for the award to Jones by the President of the United States of the Medal of Freedom reads:
'Sir Bennett Melvill Jones, United Kingdom, during the period of active hostilities in World War II, performed exceptionally meritorious service in the field of scientific research and development. An outstanding authority on the problems of aerial gunnery, he first pointed out essentials in this field, and strongly urged the gyroscopic lead computing sight for plane-to-plane gunnery, greatly influencing the United States design and the progress made in aerial gunnery.' 
A FEW INTERESTING ASIDES
In this section we deal with a few items that, although relatively small in themselves, either had some significance or illustrate Jones's interests and methods.
On taking up the Mond Professorship at Cambridge in 1919, Jones carried out some research in flight on the accuracy with which sextant observations could be made from aircraft, resulting in a paper on the subject in 1922 which had an impact on the growing art of aerial navigation. He returned to the theme in 1939, when he pointed out that improvement in accuracy of sextant obser vations was not to be expected by taking a series of observations in a short time, but only by averaging a number of observations taken with relatively long intervals between them. This was clear to him from his understanding of the nature of the deviations from straight flight which can occur and the dynamic characteristics of the aeroplane under which these deviations decay. This observation had an influence on the design of a new and successful air sextant, although the development of radio and radar aids to navigation soon made the work of less vital significance.
In 1929 Jones initiated an interesting correspondence on the power units for the R.101 airship. He was concerned that at the power required the units were proving to be unreliable and that, if they were de-rated to improve reliability, the airship might then be underpowered. Having in mind the disaster which overtook the airship in 1931, the following words from this correspondence are interesting:
'Suppose you put these engines in and get the ship into the air, are you sure political pressure will not take the matter out of your hands and force you to attempt more with the ship than her condition will warrant ?'
In the late 1930s he became interested in the ability of aeroplanes to make 'flat turns'-that is to say, turns without banking the wings-and in the measure ment of the side-slipping movement that such a manoeuvre created. His interest probably arose because the bombsights with which aircraft were equipped in the 1930s and with which they entered the Second World War depended on making a flat turn in the bombing run, since if a banked turn were made, the sight point immediately moved laterally along the ground leaving the aimer with no idea when the turn should be arrested in order to fly towards the target. It is little less than astonishing that it was supposed that this was a reasonable manoeuvre to expect of a pilot in combat conditions or, indeed, to expect the aircraft designer to provide machines which would readily carry it out. In a 1937 note Jones considered the problem of flat turning and concluded rather tartly that as aircraft evolved to better performance, they would not be able to execute such a manoeuvre without proceeding several miles in a side-slipping condition. This was a situation far from conducive to accurate aiming. Jones's note contributed to the clearing of thinking on the subject and signalled that the 'flat turn game was up', leading eventually to the development of bombsighting equipment using a stabilized true vertical, so that the aircraft could make a normal banked turn. In the course of this work Jones and Haslam did some experiments in flight to establish a simple means of measuring side-slip using the standard instruments then fitted to aeroplanes.
In the late 1950s Jones became interested in some aspects of physiology, because his son Geoffrey (now Professor G. Melvill Jones, McGill University, Montreal, Canada) had become a research worker in this area. This arose from work on parachuting in which his son was taking part. Should a pilot have to abandon his aircraft at a high altitude, it is desirable that he should fall freely through a considerable distance before opening his main parachute, in order to traverse the region of very low atmospheric pressure as quickly as possible. Experiments with dummies showed their tendency to develop rotation in a near horizontal attitude at sufficient angular velocity to cause high hydrostatic pressure across blood vessel walls in the body's extremities. Jones applied his understanding of the mechanics of spinning aeroplanes to this problem, and he and his son were thus able to prescribe optimal characteristics for a small drone parachute that would prevent the spin while maximizing the rate of descent. In the course of this work Jones became interested in the hydro-mechanics of the semi-circular canals. His work was not published, but it assisted his son and a collaborator in their studies on this subject, which were published in Proc. R. Soc. Lond. B 157, 1963. Jones and his son wrote an extensive chapter in Textbook of aviation medicine (1965) under the heading 'Aerodynamic forces and their effects upon man'.
Biographical Memoirs
L ater years
On retiring from Cambridge, Jones joined the Royal Aircraft Establishment at Farnborough in 1953 as a part-time consultant, and worked in the Aerodynamics Department on research programmes in progress there, while also keeping in touch with work on aircraft instruments and particularly gunnery equipment. He always had an inspiring effect on young people, to whom he was able to transfer some of his own combination of modesty and enthusiasm, as well as his tenacity for a full understanding. In this period at Farnborough he did this for some of the younger research workers there, as well as working alongside such distinguished contributors to aerodynamic research as Gates and Kiichemann. He was particularly interested in work devoted to the reduction of the landing speeds of aeroplanes and on early thoughts on vertical and short take-off. It was towards the end of this consultancy, which terminated in 1959, that he became interested in the physiological problems mentioned earlier.
In the 1960s Jones travelled to the U.S.A. and Canada several times, deliver ing lectures at universities and learned societies. A notable occasion was his delivery, in 1965, of the Lester Gardner Memorial Lecture at M .I.T. on the history of aviation, in which he dwelt on and analysed the major events in the evolution of the aeroplane.
Jones and the A eronautical Research Council
In the early days of aviation, the British Government set up a body known as the Advisory Committee for Aviation which later became the Aeronautical Research Committee and later still the Aeronautical Research Council. The purpose was to advise on scientific work relating to the development of aviation.
Melvill Jones played a considerable part in the activities of these bodies. A list of his memberships of the Council and its Committees is shown in appendix 3. Although his formal researches at Cambridge were largely confined to the field of applied aerodynamics, the list shows that his interests ranged widely over the various branches of aeronautical science.
It was through the Aeronautical Research Council, and its predecessors, that Jones particularly maintained and fostered his associations with other scientists working in the field. He regularly communicated views, and interim reports on his own work, to the Council. It has been throughout the tradition of the Council that it fostered the communication of notes-which were unpublished-as well as publishing major reports in its Reports and Memoranda ( & M ) series. In appendix 2 is a list of the more significant of these unpublished notes, many of which contain important ideas and results.
In 1943 Jones was asked to become chairman of what was then the Aero nautical Research Committee. During his tenure, which ended in 1947, he brought about a reconstruction of the Committee and its working arrangements, in the course of which, in 1945, it became the Aeronautical Research Council. In discussions with the then Minister of Aircraft Production, Sir Stafford Cripps, about this change, a difference of view emerged which is relevant to Jones's attitudes. In reconstructing the Committee he wished to make places available on the new Council for men working in the aircraft industry. This Cripps would not allow, although he conceded that they might come as occasional visitors, or perhaps join a few sub-committees. To Jones, whose devotion was to research directed at building better aeroplanes and who was well aware of the high scientific talent in the industry, this view was misguided. Nevertheless, Cripps had his way, so adding to those many decisions of State in the United Kingdom which run counter to, and may go some way to explain, the national complaint that this country is good at research and poor at application.
Jones and Cripps found themselves in disagreement on another issue; Jones wanted representatives of civil aviation to take part in the new Council's proceedings, thus reflecting his beliefs about the ultimate development and influence of civil aviation. This Cripps also negated and had his way. However, Jones and others contrived to move things in a better direction, but not until the early 1950s, by creating a Civil Aircraft Research Committee under the Council.
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Perspective
Jones was born several years before man first flew and he entered his working life when the aeroplane was quite new. He left having seen aviation develop into a major world activity-an art which had revolutionized warfare, but had also made the world very much smaller and more mobile and had brought about the intermixing of the peoples of the world to an extent previously unimagined. Its political effects and its personal service have been immense. To achieve this, the aeroplane changed from a small flimsy structure of wood and canvas, capable of carrying perhaps two people over a few miles, to a complex machine carrying many hundreds of people and moving heavy loads of freight over thousands of miles, travelling at many times the speed of the early models. Jones saw and took part in the whole of this transformation. While it was happening, aeronautics bred out of its science and technology the new art of astronautics, and matured it sufficiently to take man to the moon, and his eyes to the nearer planets, as well as making it possible to telephone anywhere in the world as though it were next door.
Jones wrote (1933) :
'A successful research enables problems which once seemed hopelessly complicated to be expressed so simply that we soon forget that they were ever problems. Thus, the more successful a research, the more difficult does it become for those who use the results to appreciate the labour that has been put into it.'
The evolution of the aeroplane is a good example. Today, the performance which followed streamlining and the invention of the jet engine, the calming of the storms of the stall, the assured stability and control, are readily taken for granted. In bringing this about, the work of many people, in several parts of the world, contributed. Jones would claim no more for himself than that, in company with these others, and with an enthusiasm and exposure to personal risk they all shared, he played a small part in this evolution. We are inclined to think, however, that although without him it would all, in the end, have happened, yet with him and the particular abilities he brought to bear, its progress was made easier and surer.
